ABSTRACT. Using polymerase chain reaction (PCR), a bottle-nosed dolphin (Tursiops truncatus) interleukin-4 (IL4) cDNA was cloned and sequenced. IL4 specific primers were based on the 5' and 3' untranslated regions of the human and murine IL4 gene. The dolphin IL4 cDNA is 528 base pairs in length and contains an open reading frame of 402 nucleotides coding an IL4 precursor of 133 amino acids, with the putative signal peptide of 24 amino acids. Analysis of the mature amino acid sequence shows three potential N-linked glycosylation sites and three disulfide bonds. Comparison of the predicted amino acid sequence shows that dolphin IL4 shares 77, 74, 58 and 41% identity with the bovine, ovine, human and mouse IL4s, respectively.-KEY WORDS: bottle-nosed dolphin, cDNA, IL-4.
at 10 6 cells/ml and then incubated in 24 wells plastic plates for 6 hr at 37°C until RNA extraction.
RNA was isolated from cell pellets by the Isogen (Nippon Gene, Toyama, Japan) according to the manufacturer's instructions. cDNA was synthesized using annealed oligo(dT) 18 primer (Perkin-Elmer, Foster City, CA) and RNA with Moloney-murine leukemia virus (MMLV) reverse transcriptase (Clontech, Palo Alto, CA) as previously described [6] . The primers to amplify IL4 gene were: 5'-T AGC TTC TCC TGA TAA ACT AAT TGC CTC and 5'-ATG AGT TAT AAA TAT ATA AAT A. The primers were chosen from the conserved sequences of the 5' and 3' untranslated region of human [16] and murine [15] IL4. Sixty µl PCR mixture containing 3.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris-HCl pH 8.0, 0.2 mM of each dNTP, 25 pmol of each primer and 2.5 units Taq DNA polymerase (Perkin-Elmer, Foster City, CA). The PCR conditions were 35 cycles at 94°C for 1 min, 50°C for 2 min and 72°C for 2 min. Chain elongation at 72°C was extended to 5 min for the final cycle. The amplified fragments were subcloned into pMOSBlue vector (Amersham, Buckinghamshire, England) using the blunt ended cloning method according to the manufacturer's instructions. Putative clones were then screened for insert by PCR using the above primers under the same cycle conditions. Cloned PCR-vector products were purified from transformed MOSBlue competent cells. The sequence of the dolphin IL4 was confirmed on both strands of separate clones using T7 and U-19 primers, and a thermo sequence fluorescent-labeled primer cycle sequencing kit with 7-deaza-dGTP (Amersham, Buckinghamshire, England) according to the manufacture's instructions.
PCR amplified a product of approximately 500 base pairs (Fig. 1) . Four clones containing the PCR product were isolated and sequenced. The four clones had identical nucleotide sequences. The nucleotide sequence and deduced amino acid sequence are shown in Fig. 2 . The sequence reported here has been deposited in the Gen Bank data base
The immune systems of terrestrial mammals particularly in human and mouse are well understood, however those of marine mammals which live in the aquatic environment are not. About the cytokine little is known in marine mammals with the exception of interleukin-6 (IL6) and interleukin-2 (IL2) [3] [4] [5] [6] [7] . In human [13] and mice [5] , IL4 has been shown to be produced predominantly by the T h 2 subset of T helper cells and its effects include activation of B cells, IL4 can induce an expression of class-II major histocompatibility complex antigens on resting B cells [11] . IL4 also stimulates other T h 2 lymphokines production and suppresses the production of IL2 and interferon-γ. IL4 plays a key role in the immune response to certain helminthic parasites [12] . Furthermore, IL4 is involved in some allergic responses since transgenic mice that overexpress IL4 develop atopic disease states [15] . Human IL4 shares about 50% amino acid homology with murine IL4, possibly reflecting the species-specific activity of IL4 protein [4] . In this study, the nucleotide and predicted amino acid sequences for bottle-nosed dolphin IL4 are described and compared with those of other species.
Peripheral blood collected by heparinized vacutainer tubes was obtained from bottle-nosed dolphin (Tursiops truncatus) at the Minamichita Beachland Aquarium, Okuda, Aichi-ken, Japan.
The samples were isolated within 48 hr after blood collection. Ten ml of blood sample was diluted with a fourfold volume of MEM-HEPES (containing 2% calf serum and 10 mM HEPES) and layered onto 20 ml of Ficoll-paque (Amersham, Buckinghamshire, England).
After centrifugation, mononuclear cell enriched fraction was removed and washed twice in RPMI 1640 (containing 10% fetal bovine serum, 3 mM L-glutamine, 25 µM 2-mercaptoethanol, 0.1 mM non-essential amino acids, 1 mM pyruvic acid, 100 IU/ml penicillin, and 100 µg/ml streptomycin). Mononuclear cells were counted and resuspended in RPMI 1640 containing 7.5 µg/ml concanavalin-A (Wako Pure Chemical Industries) adjusting to the bovine and ovine sequences as well as the killer whale IL6 is similar to the bovine. One potential Nglycosylation sites at amino acids 62-64 is conserved in all the five species. The dolphin IL4 has an additional Nglycosylation site at amino acids 96-98 and 102-104 which are not found in the bovine protein. Cys at positions 13, 17, 27, 48, 70, 85, 105 and 133 (amino acids numbering based on the dolphin sequence) are conserved in dolphin, bovine and ovine proteins. In the signal peptide region, there are two Cys: at position 17 (conserved in all five species) and at position 13, 85 (which are found only in dolphin, bovine and ovine amino acid sequences). Cys at position 133 is conserved in dolphin, bovine, ovine and human amino acid sequences. Cys at position 17, 48, 70, and 105 are conserved in all five species.
Secondary structure and topology of human IL4 were studied by NMR spectroscopy [10] . These studies show that human IL4 molecule consists of four major α-helical regions and one short section of double-stranded antiparallel β-sheet. We predicted that three disulfide bridges are existed in dolphin IL4 as human.
The production of recombinant protein by gene expression of dolphin IL4 is underway to confirm the biological activity. The monoclonal antibodies to recombinant dolphin IL4 would be a useful tool for the development of species-specific immunoassay and for examining different T cell subsets involved in the immune responses to infectious agents. [accession No. AB020732].
The dolphin IL4 coding region, which consisted of 402 nucleotides and were translated into 133 amino acids containing an IL4 secretion signal sequence. Figure 3 compares the deduced amino acid sequence of the dolphin IL4 with the IL4 sequences of bovine, ovine [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , murine [16] and human IL4 [17] . The dolphin IL4 gene sequence showed a degree of homology with the bovine (87%), ovine (85%), human (77%) and murine (62%) sequences. The deduced IL4 amino acid sequences showed high levels of homology; 77% between dolphin and bovine and 74% between dolphin and ovine. However, the dolphin IL4 amino acid sequence varied greatly from the human (59% homology) and murine (38% homology) sequences. The deletion of a continuous stretch of 51 nucleotides resulted in the absence of 17 amino acids in the human sequence. This absence of 17 amino acids was also found in the IL4 sequences of bovine, ovine and cervine [2] . The start of the mature proteins for human, bovine, ovine and murine IL4 is at His 25 , His 25 , His 25 and His 21 (respectively) based on the N-terminal amino acid sequence of secreted protein [8] . Based on the homology, analysis of the hydrophobicity of the polypeptide and comparison with a proposed consensus sequence for the processing of signal peptides [9] , it is predicted that the start of the dolphin protein is at His 25 . The mature dolphin IL4 is presumably glycoproteins of 109 amino acids.
The dolphin IL4 gene sequences showed high homology Fig. 3 . Alignment of dolphin, bovine, ovine, murine and human IL-4 amino acids sequences. The predicted amino terminal of the mature protein is marked with an asterisk. Those amino acid residues that are identical to the dolphin sequence are indicated by dashes. Where the amino acid is absent, it is denoted by a slash. The Cys residues are delineated by solid boxes. The potential N-glycosylation sites are delineated by dashed boxes.
